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^ jl [SUBJECT] 

a':^it7i^<P'^l<iB^H(^M^^ It subjects providing an electroluminescent 
j^i/rJ' h p/u^^> y-fer:/^^^- element few light-emission degradation and 



reliable. 



m (mfi 2 ~ 1 0 O^fc 

(DA ir:y\\J^'Ti^'y^f^(n>^^ 
mmii^hWi^l phi, I p h 
2. Iph3---Iphini 

m(D^dLM-m%.(om. ( i p a ) ^ . 
(Dm. ( I p e ) i ©rBii-£JiT<o 

Ipa<Iphl<Iph2< 
Iph3<- - hm< 
I p e 

la-^^ [1] ■c:^$H5-fk-^ 
-^S; [1] 



[SOLUTION] 

It is sequentially to laminate an anode, the hole 
injection layer which consists of an m (m shows 
integer of 2-10) layer, an emitter layer, an 
electron injection layer, and a cathode. 

When setting to Iphl. Iph2. and Iph3***lphm 
from an anode the value of the ionization 
potential of a hole injection layer at order. 
Between the ionization potential of the each 
layer of this hole injection layer, the \ralue (Ipa) 
of the work ftjnction of an anode, and the value 
(Ipe) of the ionization potential of an emitter 
layer It has the relationship of the following 
fomfiula !pa<lph1 <lph2<lph3<***<lphm<lpe. 

And the organic electroluminescent element 
which contains the compound shown in an 
emitter layer by the following general formula 
[1]. 

General formula [1] 



[COMPOUND 1] 
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A^ 

A /A 
N — Z— N, 



^A^ 



[ In the formula, ring A1- A4 respectively shows 
Independently a substituted or non-substituted 
aryl group and a substituted or non-substituted 
heterocyclic group. 

Z shows the substituted or non-substituted 
condensation aryl group which consists of 30 or 
less carbon number, or a condensation aryl 
heterocyclic group.] 



[CLAIMS] 



m (m{i2~10<DS^ 

M*^e>)iIS(-I phi, I ph 
2, I p h 3 • • '•'*r p hmt 

(om (I p e) t(omzu-f(o 

Ipa<Iphl<Iph2< 
I p h 3 < • • • < I p hm< 
I p e 



[CLAIM 1] 

It is sequentially to larninate an anode, the hole 
injection layer which consists of an m (m shows 
integer of 2-10) layer, an emitter layer, an 
electron injection layer, and a cathode. 

When setting to Ipht. Iph2, and Iph3***lphm 
from an anode the value of the ionization 
potential of a hole injection layer at order. 
Between ..thf iotilzation^jjptential of the each 
layer of this hole Injection layer, the value tlpa) 
of the work function of an anode, and the value 
(Ipe) of the ionizatibii potential of an emitter 
layer It has tfie reiatiotiship of the following 
formula Ipa<lph1 <lph2<lph3<***<lphm<lpe. 

And the organic electroluminescent eleniient 
which contains the compound shovyn in an 
emitter layer By the following general formula 

[11. 

General formula [1] . 
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1 ] [COMPOUND 1] 



A /A 

N — Z — N 
A^^ ^A^ 



L^^. ~A'' (i. -ttt^ I In the formula ring A1- A4 respectively shows 

tiWL^\^. g1^t> U< fiT^Kj^ independently a substituted or non-substituted 

— /I'S S^t> b < t^T^ group and a substituted or non-substituted 

^«6/r>±&*is^*-^-^ -7 1^^ heterocyclic group. 

m.mff:>mmm&^^Jo ^ra. ^ ^j^^^^ ^j^^ substituted or non-substituted 

3 0 UTt^ b ?X S t condensation aryl group which consists of 30 or 

L < {i?^®i^®^-n T y — /I'S less carbon number, or a condensation aryl 

:^tz.aB^T V —/i-^^n^^ heterocyclic group.] 



IS3RJg2] [CLAIM 2] : 
— [ 1 ] 05'fkn'^35^TnB— organic electroluminescent element of the 

6&r±- r o 1 miv^m-r'ih^m^ Claim 1 whose compound of a genera! formula 

^^/-t^^y^^^c General fomiula [21 

-m^ [23 . . .. . 

[^t2] [COMPOUND 2] ; " 



A" 

A5 



A' 



N— Z— 
e/ ^A« 



A^o 



[^1^, A*~A*t4. ^fi^fi [ In the fomiula. A5 - A8 respectively show 
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J^X TtJ- f> /j; 5 t < tt*B 
-S-. >c = o. >s 

O2. >C = S, >C= (CN) 
2 , >C= S = 0. >C = N- 
CN. >C = N-R' (R' 

(Dmmmmi:m-r.) . (CH2) 

,-0- (CHj) y (y^iSXXJ^ 
yfi. ^tL^il4!feiE(C0~2 0 
<DE<DS^$r^i-i65, x + y = 

mt L < fi7|cgm<^'>i5' n Tyi' 
m;65 2 -CfcStS*^ 1 ^;rctt2 

(n>m. (Ipe) ;65 5. 2~6. 

0 -cijSW*^ 1 /J;v^ L 3 v^-f 



independently a substituted or non-substituted 
arylene group and a substituted or non- 
substituted bivalent heterocyclic group. 

A9-A12 respectively show independently a 
substituted or non-substituted aryl group and a 
substituted or non-substituted heterocyclic 
group. 

Z shows the substituted or non-substituted 
condensation aryl group which consists of 30 or 
less carbon number, or a condensation aryl 
heterocyclic group. 

XI- x4 are independent respectively, -O-,- 
S-.>C=0,>S02.>C=S,>C=(CN)2,>C=S=0,>C= 
N-CN.>C=N-R1 (R1 shows a hydrogen atom, a 
halogen atom, a substituted or non-^substituted 
aryl group, a substituted or non-substituted 
cycloalkyi group, and a substituted or non- 
substituted heterocyclic group.) 

(CH2)x-0-(CH2)y (x and y respectively show 
the positive integer of 0-20 independently. 

However, it Is not become x+y=0.) A 
substituted or non-substituted alkylene group 
and a substituted or non-substituted 
cydoalkylene group are shown.] 



[CLAIM 3] 

The organic electroluminescent element of the 
Claim 1 or.2 whose m is 2. 



[CLAIM 4] 

The value (Ipe) of the ionization potential of an 
emitter layer is 5.2-6.0. An organic 
electroluminescent element described in either 
ofClaim1to3. 



[DETAILED DESCRIPTION OF INVENTION] 
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[0001] 



YxijX^^Pf^y^yT^ (EL) ^ 
[0 0 0 21 



[TECHNICAL FIELD] 

This invention relates to the organic 
electroluminescence (EL) element used for a 
flat light source, or a display, and a 
communications light source. 

[0002] 



^m.m%^*^m ufcE l^^ 

^<0*fl«lm®/5^b«^^i^TV^ 



[PRIOR ART] 

The EL element which used organic compound, 
the application as an inexpensive large area 
full-colour display device of a solid-state light- 
emission type promi^ing-jooks, is perfonned, 
and many development is performed. 

EL consists of a pair of counter electrode 
which sandwiched the emitter layer and this 
layer, generally. 

If an electric field is impressed between both 
electrodes, an electron will be injected from a 
cathode side and, as for a light emission, a hole 
will be injected from an anode side. 
Furthermore, this electron recombines with a 
hole in an emitter layer. 

It is the phenomenon virtiich discharges an 
energy as a light, in the case an energy level 
returning from a conduction band to a valence 
band. 



[0 0 0 3] 

mm Lfc«E Lmf-:dm^^ 



[0003] 

The conventional organic EL element has a 
high drive voltage compared with an inorganic 
EL element. The light-emission brightness arid 
the luminous effidency were also low. 

Moreover. characteristic degradation 
remarkably, had not arrived in utilisation either. 
In recent years, the organic EL element v»4iich 
laminated the thip film whidi contained flie 
organic compound with the fluorescerit high 
quantum efficiency which emits light Isy the 10 V 
or less low voltage is reported, and Interests are 
collected. . -..i^^-:. .-^-: 
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5 1 9 1 3^— i?. 19 8 

6~7 V(DE»^SlE'C'j)^ 
10 0c d/m^ . ft;/^!! 
^<^mn 1.51 m/W^^^^ 

[0004] 

tat. mmtmm(omi^. 
jfm ^ titcmm . a v ^ 3 « 
aAS <b t a AS ^ 

^<4<^«tLfcW«lE L^^(OW 
[00 0 5] 



(Refer applied * physics * letters. 51 volumes, 
913 pages. 1987). 

By this procedure, a metal chelate complex is 
used for a fluorescent layer, and an amine 
group compound is used for a hole injection 
layer. 

The green light emission of a high-intensity 
has been obtained. 

It is the DC voltage of 6-7V, and brightness is 
100 cd/m2. A maximum luminous efficiency 
attains 1.5lm/W. 

It has the performance near a practical-use 
area. 

[0004] 

As a structure of an organic EL element, there 
is a 2 layer structure (structure where the hole 
injection layer and the electron injection 
prpperty emitter layier were formed between the 
anode and the cathode, or stmcture where the 
hole injection property emitter layer and the 
electron injection layer were formed between 
the anode aftd the cathode). Or there is a 3 
layer structure (structure where the hole 
injection layer, the emitter layer, and the 
electron injection layer were fomied between 
the anode and the cathode) hitherto. 

However, light-emis^sion strength is improved 
the organic El^ element by present by 
imprpvementof the structure. : 

However, :lt, has.the. large problem that it is 
Inferipr to the stability at the time of repeating 
usag^. * 

Therefore, because of development of the 
organic EL element whjch was outstanding in 
the stability in the time of repeating usage, the 
further element stru(^re needs to be improved. 

[0005] 



[PROBLEIVI ADDRESSED] 
The objective of this invention, In the organic 
electroluminescent element of the stmcture 
vk^ere the hole injection layer, the emitter layer, 
and the electron injection layer were fonned 
between the anode aiid the cathod It aims at 
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h ;^ .yir providing the organic EL element which the 

|^{;iioV^T /I'ji light-emission brightness was large and was 

Am(DmimWmM~^^mA outstanding in the stability in the time of 

e T^-^A->i-hh repeating usage by inserting a multiple layered 

Sl^il^'^m^rt, hole injection layer between an anode and a 

nm^iz^ < . &\.mmm hole injection layer. 



[0 00 6] [0006] 



vix^/i-offi^M^i^^liRi- 1 

phl,Iph2. Iph3--- 
I p hmi Lfcirt. I^ETLji 
A® <^#S©'< :t WkJj^x 

^ji^tMm(r>{tMmw<om i 

p a) ^jt®<D-r;^-WkJ}^ 

X>'->-\'>'KiO<i ( I p e) t(D 

Ipa<Iphl<Iph2< 
I p h 3 < • • • < I p hm< 
I p e 

IH-^^ [ 1 ] r-^^tL^^fc-a- 



[SOLUTION OF THE INVENTION] 

This Invention is sequentially to laminate an 
anode, the hole injection layer which consists of 
an m (m shows integer of 2-10) layer, an emitter 
layer, an electron injection layer, and a cathode. 

When setting to Iph1, Iph2. and Iph3***lphm 
from an anode ;the value of the ioriization 
potential of a hole injection layer at order. 
Betweeri the ionization potential of the each 
layer of this hole injection layer, the value (Ipa) 
of the wor1< function of an anode, and the value 
(Ipe) of the ionization potential of an emitter 
layer It has ttie relationiship of tiie following 
fomiula Ipa<lph1 <lph2<lph3<***<lphm<lpe. 

And it Js the organic electroluminescent 
element which contains the compound shown in 
an emitter lay^r:by the following general fonnula 

General formula [1] 



lit 3] 



[COMPOUND 3] 



N— Z — N. 
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l^^. iiA'~A''{i. ^M' [ In the formula Ring A1-A4 respectively shows 

ix^Slizitc: L< tiT^g^ independently a substituted or non-substituted 

<7)y\)—/u^ M^t)L<tt7l^ ar^ group and a substituted or non-substituted 

mi^<r>mMmm^^i-o Zli, ^^z'Sls^fhTsubstltuted or non-substltu^^^ 

3 0 ^Ti^ hta^ Wm h condensation aryl group which consists of 30 or 

L < fi^fi^O^-n T y — yi'S less carbon number, or a condensation aryl 

SfcJi^-^T'J-yi^^^j^S^ heterocyclic group.] 

[000 7] 10007] 

Mt-^^^{i> — [1] <^ Furthermore this invention is the organic 

vu>^/i*i^?-K^— vo^ fni\^ electroluminescent element of the Claim 1 

^^.1 a£*5 1 whose compound of a general fomiula [1] is a 

i^r & 5 1 pc1«<d™ compound of the following general formula [2]. 

General fomiula {2] 



a 

[2] 



lit 4] [COMPOUND 41 



A» 



\ 



A« 



A« 



\ 



X3 



N— Z— N 



/ 



\a8 



A^2 



i^^. A'' -AMI. ^ixm 

a^© 2jiiii<D^^iis^^-rc 

A« ~A« tt. 



[ In the formula A5 - A8 respectively show 
independently a substituted or non-substituted 
arylene group and a substituted or non- 
substituted bivalent heterocyclic group. 

A9 - A12 respectively show independently a 
substituted or non-substituted aryl group and a 
substituted or non-substituted heterocyclic 
group. 
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wT^o^ lb ^ ®^ L < li^m 

-S-, >c = o. >s 

O2. >C = S, >C= (CN) 
2. >C = S=0. >C = N- 
CN. >C = N-R ' (R' ti. 

(Dli^SS^^-To). (CH2) 
^-O- (CH2) y (xiBiTJJ 
^tLm3lfeAfcl^O~2 0 
OiE(D«iciSr^-t-;i^ x + y = 

[0 0 G 8] 

Igjt^ <D >r >"flizKx 

(DW (I p e) ;65 5. 3~6. 



Z shows the substituted or non-substituted 
condensation aryl group which consists of 30 or 
less carbon number, or a condensation aryl 
heterocyclic group. 

X1 - x4. are independent respectively. 
-0-.-S-. >C=0,>S02 ,>C=S.>C=(CN)2 , 
>C=S=0,>C=N-CN,>C=N-R1 (R1 shows a 
hydrogen atom, a halogen atom, a substituted 
or non-substituted aryl group, a substituted or 
non-substituted cycloalkyi group, and a 
substituted or non-substituted heterocyclic 
group.) 

(CH2) x-0-(CH2) y (x and y respectively show 
the positive Integer of 0-20 independently 

However, it does not become x+y=0.) A 
substituted or non-substituted alkylene group 
and a substituted or non-substituted 
cydoalkylene group are shown. 
]■ 



■■.J' ■ 



[0008] 

Furthermore this invention Is an above organic 
electroluminescent element whose m Is 2. 

Furthermore ttiis invention is an above 
organic electrolumlnescerit element whose 
value (Ipe) of the lonizatiph potential of an 
emitter layer is 5.3-6.0. 



[Erabodiment] 



[0 0 0 9] 



[0009] 

An organic EL element Is an element wrtilch 
formed one layer or the multilayer organic thin 
film between the anode and the cathode. 

In the case of one-layer type the emitter layer 
is provided between the anode and the 
cathode. 

A multilayer type has the organic EL element 
laminated with the multilayer component of (an 
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E Lm^a^h^o 

[0 0 10] 

is^ (I) (omm^msi-r^x 

J: 19, 3j^— /i^aAMSr^ST-r 

^AMii^mm.^ (I) <^M#^ 
lO 0 1 1 ] 



anode / hole injection layer / emitter layer / 
cathode), (an anode / emitter layer / electron 
injection layer / cathode), and (an anode / hole 
injection layer / emitter layer / electron injection 
layer / cathode). 

[0010] 

In the case of the conventional multilayer type 
organic EL element, from an anode, the hole 
injection barrier to an emitter layer is large, and 
the crystallization of the organic layer due to a 
Joule heat is caused. 

There was a problem durable. 

With this invention. In the electroluminescent 
element which consists of a multiple layered 
hole injection layer, an emitter layer, and an 
electron injection layer between a pair of 
electrodes A hole Injection bamer can be 
reduced by inserting several hole injection 
layers between an anode and an emitter layer 
so that the relationship of an above-mentioned 
formula (I) may be satisfied. Therefore, the 
durable Improvement In an organic EL element 
can be achieved. 

The hole Injection barrier of this invention 
represents the difference of the ionization 
potential of each layer. Ionization potential 
represents an energy required in order to 
extract 1 electron from a metal-electrode thin 
film, a serhlcpnductor-electrode thin film, and an 
organic thin film. 

In this invention it evaluatecfe by the 
atmosphirlc-condition type ultraviolet linear-light 
electron analyser (surface-arial^is ^apparatus 
AC-1 :Riken:KeildCo.^LWL). " 

Moreover, | the organic EL . element of this, 
inventidn. As' long as th^ hble injection layer has 
satisfied the relationship of an above-mentioned 
formula(l), the electron injection layer may 
consist of several layers. 



[0011] 

it describes below about a desirable material 
which comprises the organic EL element of this 
invention. 
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[1] X'7r^:^iX^m^ 
fflV^^o [1] 4^oz{i. 

1^*^ 3 0 tJL T gi^ 

[0012] 
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110} 




(3) 




!l 1) 




(4) 




112) 
113) 




tS) 
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Co 






<7) 


CXX30 


(14) 


ccco 


(«) 




115; 


C0003 



(0 0 1 3] 10013] 



As a luminescent material, the material 
shown by the above general formula [1] is used. 
Z in a general fomnula [1] shows the substituted 
or non-substituted condensation aryl group 
which consists of 30 or less carbon number, or a 
condensation aryl heterocyclic group. The 
residue of the following aryl compounds is 
mentioned as an example. 



[0012] 



ITable 1) 
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; 1 7 ) 




1 3 Hi 




(1 9> 




(2 0) 




(2\) 


ceo 



<23> 





[0014] 

[1] foz-^cz^BM 

y^n bVUg. sec 

-zf'f'ji-^. text -•:ff-)\^ 

— O, m, p— 

9, 1 Q-K/y :x.=^)vr:y 

/I'S. n-^h^i/S. t 
e r t->^h=¥>S, by 

7K=3r'>S. 2. 2. 3, 3-7^ 

1, 1, 3. 3. 3— ^^1^7 
/W:^-a-2-7'njKdfv^S, 6 



[0014] 

If the concrete example of the substituent group 
to Z In a general fonnula [1] is given, alkyi 
groups, such as the halogen atom of chlorine, a 
bromine, an iodine, and a fluorine, a methyi 
group, an ethyl group, a propyl group, a butyl 
group, sec-butyl group, tert-butyl group, a pentyl 
group, a hexyl group, a heplyl group, an octyl 
group, a stearyl group, and a trichloro methyl 
group, aryl groups, such as a phenyl group, a 
tolyl group, a naphthyl group, a biphenyl group, 
o and m, pr terphenyl group, an anthranil group, 
a phenanthrenyl group, a fluorenyl group. 9- 
phenyl arithranil group. 9. 1 0-diphenyl anthranil 
group, and a pyrenyl group, n-butoxy group, 
tert-butoxy group, A trichloro methoxy group, a 
trifluoro ethoxy group, a pentafluoro propoxy 
group. 2.2,3,3-tetrafluoro propoxy group, a 
t.1.1,3,3,3-hexafluoro- 2- propoxy group, 6- 
(perfluoro ethyl) hexyloxy group Alkoxy groups, 
such as above, Aryloxy groups, such as a 
phenoxy group, p- Nitro phenoxy group, a p- 
tert-butyl phenoxy group. 3- fluoro phenoxy 
group, a pentafluoro phenyl group, and 3- 
trifluoromethyl phenoxy group, alkylttiio groups, 
such as a meth^thio group, ah ethylthio group, 
tertrbutylthio group, a hexyl ttilo group, an octyl 
thio group, and a trifluoro meth)rtthip group. 
Arylthio groups, such as a phehylthio group, p- 
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uyzx. p — t e r 
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Nitro phehylthio group; a p-tert-butyl phenylthio 
group. 3- fluoro phenylthio group, a pentafluoro 
phenylthio group, and 3- trifiuoromethyl 
phenylthio group, Mono or di-substitution amino 
groups, such as cyano group, a nitro group, an 
amino group, a methyl-amino group, a 
diethylamino group, an ethylamino group, a 
diethylamino group, a dipropyl amino group, a 
dibutyl amino group, and a diphenyl amino 
group. Acylamino groups, such as a bis- 
(acetoxymethyl) amino group, a bis-(acetoxy 
ethyl) amino group, a bis-acetoxy propyl amino 
group, and a bis-(acetoxy butyl) amino group. 
Carbamoyl groups, such as a hydroxyl group, a 
siloxy group, an acyl group, a methyl carbamoyl 
group, a dimethyl carbamoyl group, ethyl 
carbamoyl group, a diethyl carbamoyl group, a 
propyl caitiamoyi group, a butyl carbamoyl 
group, and a phenyl carbamoyl group, 
cycloalkyi groups, such as a carboxylic-acid 
group, a sulfonic acid group, an imide group, a 
cyclopentane group, and a cyclohexyl group, A 
pyrrole group, a pyrroline group, a pyrazole 
group, a pyrazoline group, an imidazole group, 
a triazole group, a pyridine group, a pyridazine 
group, a pyrimidine group, a pyrazine group, a 
triazine group, an indole group, a purine group, 
a quinoline group, an isoquinoline group, a 
sinoline group, a quinoxaline group, a benzo 
quinoline grpup, a fluorenone group, a dicyano 
fluorene group, a carbazole group, an oxazole 
group, an bxadiazole group, a thiazole group, a 
thiadiazole group, a triazole group, an imidazole 
group, a behzoxazole grpup, a benzothiazole 
group, a benzotriazol group, a benzimidazole 
group, a bis- benzoxazole group, a ttis- 
benzothiazole group, a bis- benzimidazole 
group, an anthrone group, a dib^nzofuran 
group, a dibenzo thiophene group, an 
anthraquinone group, an acridone group, a 
phenothiaane group, a pyrrolidine group, a 
dioxane group, a piperidine group, a morpholine 
group, a piperazine group 

There are heterocyclic groups, such as 
above, etc^ ^ 
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[0015] ; . 

As the substituted or npnrsubrstituted aryl group 
in A1- A4 ari!d /^7A12 of a compourid, shown by 
the general foniiula [1) arid the general formula 
[2] In this inverition. There are a phenyl group, a 
blpheni^-groupi a terphen^ group, a naphthyl 
group, an anthiyl group.'a phenahthryl group, a 
fluorenyl group, 9 pyrenyl group, etc. 
As a substituted or non-substituted heterocyclic 
group A pyrrole group, a pyrroline group, a 
p^zole group, a pyrazollne group, an 
innidazole group, a triazole group, a pyridine 
group, a pyridazihe group, a pyrimldine group, a 
pyrazine group, a triazine. group, an Indole 
group, a purine group, a quirioilne group, an 
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isoquinoline group, a sinoline group, A 
quinoxaline group, a benzo quinoline group, a 
fluorenone group, a carbazole group, an 
oxazole group, an oxadiazole group, a thiazole 
group, a thiadiazole group, a triazole group, an 
imidazole group, a benzoxazole group, a 
benzotliiazole group, a benzotriazol group, a 
benzimidazole group, A bis-benzoxazole group, 
a bis-benzothiazole group, a bis-benzimidazole 
group, an anthrone group, a dibenzofuran 
group, a dibenzo thiophene group, an 
ahthraquinone group, an acridone group, a 
phenothiazine group, a pyrrolidine group, a 
dioxane group, a morpholine group There are 
heterocyclic groups, such as above, etc. 

Moreover, A1 and A2. or A3 and A4 may 
bond mutually, and they may form a ring. 

As the substituted or non-substituted arylene 
group of A9-A12, and a substituted or non- 
substituted bivalent heterocyclic group they are 
group obtained by attaching a bond to the 
arbitrary positions which can bond an above 
aryl group or a heterocyclic group. 

Moreover, as a substituent group vy^ich A1- 
A12 has. the substituent group which can be 
substituted by above-mentioned Z is 
mentioned. 
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[0016] 

XI- x4 shown by the general formula [2] In this 
invention, are independent respectively. - 0-. - 
S-. >C=0. >S02. and >C=S, >C= (CN) 2. 
>C=S=0. >C=N-CN, and >C=N-R1. (CH2) x-O- 



01/06/01 



17/45 



(C)DERWENT 



JP1 0-881 20-A 



DERXA/ENT 
— ^ 

THOIVISOIM SCIEIMTIFIC 



C= (CN) 2 s >C= S=0, 
>C=N-CN. >C=N-R 
' , (CHj) ,-0- (CHj)^. 

iL\z 0 — 20 (DlEO)^^^^-t 
x + y = 0i/^5r^«7i 

l^^'S. a. a '-P«^>'l'7:nn 

5o 



(CH2) y, A substituted or non-substituted 
alkylene group, a substituted or non-substituted 
heterocyclic group, and a substituted or non- 
substituted cycloalkylene group are shown. 
R1 shows a hydrogen atom, a halogen atom, a 
substituted or non-substituted aryl group, a 
substituted or non-substituted cycloalkyi group, 
and a substituted or non-substituted 
heterocyclic group here. 

X and y respectively show the positive integer 
of 0-20 independently. 

However, it does not become x+y=0. 

As the alkylene group substituted or not 
substituted, the alkylene group or its 
substitution product of 1-20C, As the 
cycloalkylene group substituted or not 
substituted, a cyclopentyl group, a cyclohexyl 
group, 4-methyl cyclohexyl group, the bivalent 
residue of C5-C7 cycloalk^^s, such as a cycio 
heptyl group, are raised. 

As an example of a substituent group, it may 
be a halogen atom or an amino group described 
in above, an alkyi group, an aryl group, a 
cycloalkyi group, an aryloxy group, an arylthio 
group, a heterocyclic group, etc. 

A thing desirable as a substituted alkylene 
group of X1- x4, 2- phenyl isopropylene group, 
dichloro methylene, difluoro methylene, a group 
benzylene, a- phenoxy benzylene group a, a- 
methyl phenylben27lene a group, a diphenyl 
benzylene a group, a- l>enzyl oxy benzylene 
group Above etc. are mentioned. 
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0~6. 2 e VCO^H profit T* 



[0017] 

The (example of representation of a luminescent 
material is concretely Illustrated to Table 2 
below. 

However, it is not limited to tiie following 
examples of representation. 

The value of the ionization potential of the 
emitter layer of the following examples of 
representation is value within the range of 5.0- 
6.2eV. 
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[0024] 

As hole injection material, the compound which 
had the capability to inject a hole, had the 
emitter layer or the outstanding hole injections 
effect with respect to a luminescent material, 
and prevented the transfer to the electron 
Injection layer or the electron injection material 
of an exciton generated by the emitter layer, 
and was outstanding in thin-film formation ability 
is mentioned. 

Specifically, A phthalocyanine group 
compound, a naphthalo cyanine group 
compound. A porphyrins group compound, 
oxadiazole, a triazole, an imidazole, An 
imidazolone, an imidazole thione, a pyrazoline, 
a pyrazolone, the tetrahydro imidazole. An 
oxazole, oxadiazole, hydrazone, acyl 
hydrazone, the poly aryl alkane, stilbene, a 
butadiene, benzidine type triphenylamine. stylyl 
amine type triphenylamine, diamine type 
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triphenylamihe, etc., Those derivatives and 
polyvinyl carbazole, polysilane, Conductive 
polymer. There are macromolecular materials, 
such as above, etc. 

Hovi^ever, it is not limited to these. 

The example of representation of a useful 
hole injection material is illustrated concretely 
below in Table 3. 

However, it is not limited to the following 
examples of representation. 



[0025]: 



[^31 



[Table 3] 



01/06/01 



26/45 



(C) DERWENT 



JP1 0-881 20-A 



DEKWEfMT 



THOIvnSOlM saeiMTiFic 





U>iii. j 




B - 1 


5 . 




B - 2 


5.1 U 




B .-^ 




0 9 0 

CH3 CH3 CH3 


B 4 


5.1 3 


c c 


B 5 


5.5 3 




[0 0 2 6] 


[0026] 



01/06/01 



27/45 



(C) DERWENT 



JP1 0-881 20-A 



DERXAAEfMT . 

-. 

THOIV/ISON SaEIMTIFIC 



1^31 





t" V ^• 




B 6 




H3C CH3 


B - 7 


5.(5 6 


^ \y 


B - H 






B - 9 


5.00 





[0027]; [0027]; 



01/06/01 



28/45 



(C) OERWENT 



DERWEfsIT 

JP1 0-881 20-A . ^ — 

THOIVISON SOEIsmFIC 



1.^3] 





IPtf( 




B - I 0 




p 0 

H3C 


B 1 1 




H3C ^"3 


B- 1 :^ 




^^^^ 

0 


B 13 


5.10 





[00 28] 10028] 



01/06/01 



29/45 



DERWENX 

JP10-88120-A — 

XHOIVISOrsI SCIEMTIFIC 









H - I 1 


5.0 5 




B - I 5 






B I 6 






BIT 






B 1 H 




i: 'J n n > > -J 9 '>r ' 


B - 1 9 






B- :^ 0 


5.60 


T 


B-2 I 


5.2 7 


H3CJ CH3 

^CH3 H3C-0 



[0029] 



[0029] 

As electron injection material, the compound 
whidi had the capability to inject an electron, 
had the emitter layer or the outstanding electron 
injection effect \Anth respect to a luminescent 
material, and prevented the transfer to the hole 
injection layer or the hole injection material of 
an exciton generated by the emitter layer, and 
was outstanding in ttiin-film formation ability is 
mentioned. 

For example, fluorenone, anthraquino 
dimethane, a di-phenoquinone, a thio pyran 
dioxide, oxadiazole, a thiadiazole, the tetrazole, 
perylene tetracartoxylic acid, fluorenylidene 
methane, anthraquino dimethane, the anthrone. 
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theformation of a hydroxyquinoline metal 
complex, and, etc. those derivatives exist. 

However, it is not limited to these. 

The example of representation of a useful 
electron injection material is illustrated 
concretely below in Table 3. 

However, it is not limited to the following 
examples of representation. 
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[0034] 

The thing with a work function larger than 4eV Is 
suitable for the electroeonductive material ubed 
for the anod^ of an organic EL element. 

A carton, aluminium, a vanadium, iron, 
cobalt, a nickel, tungsten, silver, gold, a 
platinum, a palladium, etc. And, oxidation 
metals, such as the stannic oxide called those 
alloys, ITO substrate, and NESA substrate and 
indium oxide. Furthermore organic conductive 
resins, such as the poly thiophene and a 
polypyrrolOi are used. 

The thing with a work function smaller than 
4eV is suitable for the electroconduc^ive material 
used for a cathode. 

Those alloys, such as magnesium, caldum. 
tin, a lead, titanium yttrium, lithium, a ruthenium. 
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and manganese, are used. 

However, it is not limited to these. 

The anode and the cathode may be formed by 
the lamination more than a bilayer as long as 
there is need. 



[0035] 

In an organic EL element, in order to make light 
emit efficiently, as for at least one is transparent 
enough in the light-emission wavelength area of 
an element, it Is desirable. 

Moreover, it is desirable that a substrate is 
also transparent. 

A transparent electrode is set up so that the 
predetermined permeability in methods, such as 
vapour deposition and a sputtering, may be 
secured using above-mentioned 

electroconductive material. 

As for the electrode of a light'^mission face, it 
is desirable to make tiie light transmittance into 
10% or more. 

A substrate has mechanical and thennal 
strength. 

it vmII not be limited if transparent. 

However if it illustrates. Transparency resins, 
such as a glass substrate, a polyethylene board,- 
a poiyether suiphone. boan^, and a 
polypropylene board, are mentioned. 



[0036] 

A formation of the each layer of the organic EL 
device in connection with this invention. Any 
method of wet film forming methods, such as dry 
type film fomiing methods, such as vacuum 
deposition and a sputtering, and spin coating, a 
dipping, etc., is applicable. 

Especially a film thickness is not limited. 

However, each layer needs to: be set . as a 
suitable film thickness. 

If a film thickness is too thick, in order to 
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obtain a fixed optical power, a large applied 
voltage will be needed and efficiency will 
become bad. 

If a film thickness is too thin, a pinhole etc. 
generates. Even when it applies an electric field, 
sufficient light emission brightness is not 
obtained. 

The range of 5 nm to 10 pm is suitable for the 
usual film thickness. 

However, the range of 10 nm to 0.2 pm is 
more desirable. 

[0037] 

In the case of a wet film fomning method, 
material which forms each layer is made into 
suitable solvent, such as chloroform, the 
tetrahydrofuran. and a dioxane, dissolution or 
dispersion, and a thin film is formed. 

However, that solvent may be any. ' 

Moreover, also in any thin film, a suitable resin 
and a suitable additive may be used for the 
improvement in film forming property, 
membranous pinhole prevenfion. etc. 

As such resin, conductive resins, such as 
photocdnductive resiri. su<A\ as insulating resin, 
such as a polystyrene, a polycarbonate, a 
polyarylate. polyester, a polyamide. a 
polyurethane, a polysulfone. a 
polymethylmethacrylate, a polymethyl acrylate, 
and a cellulose,' poly- N-vlnylcarbazole, ajjid 
polysilane. the pdly thiophene, and a 
polypyrrole, can be mentioned. 

Moreover, antioxidant, an ultr^iviole|t absorber, 
a plasticlzer, etc. can: be mentioned: as an 
additive agent. 
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^3t^{^K— A light-emission colour cian also, be qhanged to 

mi -r^^A*'3^^kA-tt-;s^ an emitter layer using a doping material. 

t * mmtmm^-^ ^ which can be used for an 
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emitter layer An anthracene, a naphthalene, a 
phenanthrene, a pyrene, a tetracene. a 
coronene, chrysene, the fluorescin, a perylene, 
a phthal perylene, a naphthalo perylene, 
perinone, phthal perinone, naphthalo perinone, 
a diphenyl butadiene, A tetraphenyl butadiene, 
coumarin, oxadiazole, aldazine, bis benzo 
oxazoline, a bis styryl, a pyrazine, 
cyclopentadiene, a quinoiine metal complex, an 
amino quinoiine metal complex, an imine, a 
diphenylethylene, a vinyl anthracene, diamine 
carbazole, the pyran, the thio pyran, the poly 
methine, merocyanine, an imidazole chelation 
oxynoid compound, a quinacridone. metal 
phthalocyanine, rubrene Those derivatives, 
such as above, exist. 
However, it is not limited to these. 



[0039] 

A protective layer is provided oo the surfade of 
an eleme'nt for ttie Improyement in^the stability 
with respert to ttie temperature , of .the organic 
EL de>nce obtained by this' inventipn. humidity, 
and atmosphere etc. ■'- 

Moreover; it is also pbssibleMo s^l silicon oil 
etc. and to protect the entire element. 
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mmmi [Example] ... ^ 

UT *:%?^^lliS^Jl-S^t Hereafter, this invention is explained more in 

$ f>i^Mlcrai-^„ detail based on an example.. 

f4T+f-/ir,ii Example 1 

^^^J 1 On th pane of glass with Washed ITO 
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electrode, the vacuum evaporation of the 
compound (B-1 4) was perfomied. and the first 
hole injection layer of 20 nm film thickness was 
produced. 

Furthermore, the vacuum evaporation of the 
compound (B-2) was performed, and the second 
hole carrying layer of 20 nm film thickness was 
produced. 

Subsequently, the vacuum evaporation of the 
compound (A-3) is performed, and the emitter 
layer of 30 nm film thickness is produced. The 
vacuum evaporation of the compound (C-1) was 
performed, and the electron injection layer of 40 
nm film thickness was produced. 

On it, the electrode of 100 nm film thickness 
was fornned with the alloy which mixed 
magnesium and silver by 10:1, and the organic 
EL element was obtained. 

The hole injection layer and the emitter layer 
were deposited on condition that the substrate- 
temperature room temperature in the vacuum of 
10-6 Ton'. 

As for this element, about 8000-cd/m2 light 
emission was obtained by DC-voltage 10V, 

The light-emission brightness of 200 cd/m2 
was shown when performed the low current 
drive of this element in the current density of 
25mA/cm2, 

The 120-cd/m2 high-intensity was shown also 
after the 40 hour. 

At this time, IP value of 1TO electrode is 
4.95eV. IP value of a first hole Injection layer is 
5,05eV; IP value of a siacond hole irijecfibn layer 
is 5.40eV. IP value of an emitter layer is 5.53eV. 
The relation of Claim l is satisfied. 



[0041] 

Comparative Example 1 

An organic EL element is produced as an 
example 1 except having abbreviated the hole 
injection layer 8-14. 

The hole injection layer produced the element 
of 1 layer. 

However, the film thickn ss of the hole 
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injection layer B-2 was set to 40 nm. 

In this case, the jight-emission brightness of 
900 cd/m2 was shown when performed the low 
current drive of this element in the current 
density of 25mA/cm2. 

However, after the 40 hour, a reduction of a 
brightness is remarkably as intense as 200 
cd/m2. The endurance was inferior. 

When a multiple layered hole injection layer is 
present from this, a durable improvement 
understands that it is effective. 
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[0042] 

Example 2 

On the pane of glass with .-.washed ITO 
electrode, the vacuum evaporation, of the 
compound (B-14) was performed, and the first 
hole injection layer of 30 nm film thickness was 
produced. 

Furthermore, the vacuum evaporation of the 
compound (B-21 ) Is performed. 
The second hole Injection layer of 20 nm- film 
thickness is produced. 

The A^cuum evaporation of the compound (B- 
2) was performed, and the third-hole injection 
layer of 20 nm filpri thickness was produced. 

Subsequently, the vacuum evaporation of the 
compound (A-3) is perfontied, and the emitter 
layer of 30 nm film thickness was produced, the 
vacuum evaporation of the compound (C-1 3)" 
was perfonned, and the electron Injection layer 
of 40 nm film thickness was produced. 

^n it. the electrode of 100 nrn film thickness 
was forrtied vsilh^ the; alloy which mixed 
magnesium and silver by 10:1, and ttie organic 
EL element was obtained. 

The hole injection layer and the emitter layer 
were deposited on condition that the substrate- 
temperature room temperature in the vacuum of 
10-6 Torr. 

As for this element, aboutlOOOO-^^ light 
emission was obtained by pC>voltege 10V. 

The ligHt-emissioh brightness of 250 cd/m2 
was shown when performed the low current 
drive, of this element in the current density of 
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25mA/cm2. 

The 180-cd/m2 high-intensity was shown also 
after the 40 hour. 

At this time, IP value of ITO electrode is 
4.95eV. IP value of a first hole injection layer is 
5.05eV. IP value of a second hole injection layer 
is 5.27eV. IP value of the third-hole injection 
layer is 5.05eV. IP value of an emitter layer is 
5.53eV. The relation of Claim 1 is satisfied. 



[0043] 

Examples 

Oh the pane of glass with washed ITO 
electrode, the vacuum evaporation of the 
compound (B-3) was perfomned, and the first 
hole injection layer of 30 nm film thickness was 
produced. 

Furthermore, the vacuum evaporation of the 
compound (B-2) wds performed, and the second 
hole carrying layer of 20 nm film thickness was 
produced. 

Subsequently, the vacuum evaporation of the 
compound (A-2) is perfomned. and the emitter 
layer of 30 nm film thickness was produced, the 
vacuum evaporation of ttie compound- (C-11) 
was performed, and the electron injection layer 
of 40 nm film thickness was produced. 

On It; the electrode of 100 nm film thickness 
was formed with the alloy which mixed 
rnaghe^lum and:silyer by 10:1, and the organic. 
EL element vvas obtained; 

The hole injection layer and the emitter layer 
were deposited on condition that the substrate^ 
temperature room temperature in the Vacuum of 
10-6 Tom 

As for this element, about 7000D-cd/m2 light 
emission was obtained by DC-voltage . 10V. 

The light-emission brightness of .1000 cd/m2 
was shown when performed the low current 
drive of this element in the current density of 
25mA/cm2. 

The 700-cd/m2 high^ntehsity was shovwi also 
after the 40 hour. : , . 

At this time. IP value of ITO electrode is 
4.95eV. IP value of a first hole injection layer is 
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5.05eV. IP value of a second hole injection layer 
is 5.40eV. IP value of an emitter layer is 5.61 eV. 
The relation of Claim 1 is satisfied. 



[0044] 

Comparative Example 2 

The organic EL element was produced as the 
example 3 except having used the compound 
(B-3) as a first hole injection layer, having used 
the compound (B-2) as the second hole canying 
layer. 

The light-emission brightness of 600 cd/m2 
was shown when performed the low current 
drive of this element in the current density of 
25mA/cm2. 

However, only the brightness of 70 cd/m2 is 
obtained even after the 40 hour. The endurance 
was remarkably ihferior. 



[0045] 

Example 4 

The element was produced as the example 3 
except dianging a first hole Injection layer into a 
compound (B-i S). 

As for this element, about 80000-cd/m2 light 
emission was obtained DC^volfege 10V. 

The light-emissioh brightness of 1200 cd/m2 
was .^hpwn when perfqmTed ttie low current 
drive of thTs element fn the current density of 
25mA/cm2V ; 1 , 

The 900-cd/m2 highTihterisity was shown also 
aifterthe40 hour; 

At this time, IP value of ITO electrode is 
4.95eV. IP value of a first hole injection layer is 
5.1 OeV. IP value of a seicond hole injection layer 
is 5.40eV, IP value of an emitler layer is 5.61 eV. 
The relation of Claim 1 is satisfied 
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[0046] 

Example 5 

The element was produced as the example 3 
except changing a second hole injection layer 
into a compound (B-5). 

As for this element, about 65000-cd/m2 light 
emission was obtained by DC-voltage 10V. 

The light-emission brightness of 900 cd/m2 
was shown when performed the low current 
drive of this element in the current density of 
25mA/cm2. 

The 650-cd/m2 high-intensity was shown also 
after the 40 hour. 

At this time. IP value of ITO electrode is 
4.95eV. IP value of a first hole injection layer is 
5.05eV. IP value of a second hole injection layer 
is 5.63eV. IP value of an emitter layer is 5.61 eV; 
The relation of Claim 1 is satisfied. . 



[0047] 

Example 6 

The element was produced as the example 3 
except changing a first hole Injection layer into a 
compound (B-4). « 

As for this element, about 75000-cd/m2 light 
emission was obtained by DC-voltage 1 0V. 

The light-emission brightness of 1100 cd/m2 
was shown ■ when performed the low current 
drive of this element in the cunrent density of 
25mA/an2. _ . 

The 1000-cd/m2 high-intensity was shown 
also after the 40 hour. 

At this time, IP value of ITO electrode is 
4.95eV. IP value of a first hole injection layer is 
5.13eV. IP value of a second hole injection layer 
is 5.40eV. IP value of an emitter layer is 5.61 eV. 
The relation of Claim 1 is satisfied. 
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[0048] " 

Example? . . ' 

The element was prdduced as the example 4 
except changing an emitter layer into a 
compound (A-21). 

As for this element, about 2000-cd/m2 light 
emission was obtained by DC-voltage 10V. 

The light-emission brightness of 100 cd/m2 
was shown when performed the low current 
drive of this element in the current density of 
25mA/cm2. 

The brightness of 80 cd/m2 was shown also 
after the 40 hour. 

At this time. IP value of ITO electrode is 
4.95eV; IP value of a first hole injeetiQn layer is 
S.IOeV. IP value of a second hole injection layer 
is 5.40eV, IP value of an emitter layer is 5.70eV. 
The relation of Claim 1 is satisfied. 
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[EFFECT OF THE INVENTION] 

By this invention, the hole- irii|ction barrier f^^ 
an anode to an emitter layaj^^ be reduced 
compared \yith the :rabi0^rl. Therefore, 
generation of a Joule hesf^n 6^^^^^^ 

The durable improwment of ^ El- 
element can be^chievedno^ 
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